Docket No.: 50767-P015US-10106749 



WHAT IS CLAIMED IS: 

1 . A system for handling microcomponent parts, said system comprising: 
substrate comprising a plurality of micro-devices that are each operable to perform a 

distinct rotational operation for rotating a microcomponent part presented thereto, wherein at 
least one of said plurality of micro-devices is operable to perform a rotational operation about 
an axis of rotation that is different than an axis of rotation about which another of said 
plurality of micro-devices is operable to perform a rotational operation. 

2. The system of claim 1 wherein said plurality of micro-devices are arranged on 
said substrate at distinct sites. 

3. The system of claim 2 wherein said distinct sites are accessible to receive said 
microcomponent part. 

4. The system of claim 1 wherein at least one of said plurality of micro-devices is 
operable to rotate a microcomponent part presented thereto about an axis of rotation that is 
parallel to said substrate. 

5. The system of claim 4 wherein said at least one of said plurality of micro- 
devices is operable to perform bi-directional rotation of said microcomponent part presented 
thereto about said axis of rotation that is parallel to said substrate. 

6. The system of claim 1 wherein at least one of said plurality of micro-devices is 
operable to rotate a microcomponent part presented thereto about an axis of rotation that is 
perpendicular to said substrate. 

7. The system of claim 6 wherein said at least one of said plurality of micro- 
devices is operable to perform bi-directional rotation of said microcomponent part presented 
thereto about said axis of rotation that is perpendicular to said substrate. 
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8. The system of claim 1 wherein a plane formed by an X axis and a Y axis is 
parallel to said substrate, a Z axis is perpendicular to said plane, and wherein said plurality of 
micro-devices are each operable to perform a distinct rotational operation of a type selected 
from the group consisting of: 

rotation about said Z axis (0 rotation), rotation about said X axis (cp rotation), and 
rotation about said Y axis (y rotation). 

9. The system of claim 1 wherein a plane formed by an X axis and a Y axis is 
parallel to said substrate, a Z axis is perpendicular to said plane, and wherein said plurality of 
micro-devices are operable to perform rotation of a microcomponent part presented thereto 
about said Z axis (G rotation), rotation of said microcomponent part presented thereto about 
said X axis (cp rotation), and rotation of said microcomponent part presented thereto about 
said Y axis (\)/ rotation). 

10. The system of claim 9 wherein said plurality of micro-devices are operable to 
perform bi-directional rotation of said microcomponent part presented thereto about said Z 
axis (±6 rotation), about said X axis (±q> rotation), and about said Y axis (±\|/ rotation). 

1 1 . The system of claim 1 wherein at least one of said plurality of micro-devices is 
operable to grasp a microcomponent part presented thereto and rotate said microcomponent 
part about a rotational axis that is perpendicular to said substrate. 

12. The system of claim 1 1 wherein said at least one of said plurality of micro- 
devices is operable to hold said microcomponent part presented thereto above said substrate. 

13. The system of claim 1 wherein said substrate further comprises at least one 
assembly site at which at least one microcomponent part presented to at least one of said 
plurality of micro-devices may be assembled with another part. 
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14. A system for handling microcomponent parts, said system comprising: 
substrate comprising a plurality of micro-devices, wherein a first of said plurality of 

micro-devices is operable to perform a first type of rotation of a microcomponent part 
presented thereto and a second of said plurality of micro-devices is operable to perform a 
second type of rotation of a microcomponent part presented thereto that is different than said 
first type of rotation. 

15. The system of claim 14 wherein a plane formed by an X axis and a Y axis is 
parallel to said substrate, a Z axis is perpendicular to said plane, and wherein said first type of 
rotation and said second type of rotation each comprise at least one of the following: 

rotation about said Z axis (9 rotation), rotation about said X axis (<p rotation), and 
rotation about said Y axis (\\r rotation). 

16. The system of claim 14 wherein a plane formed by an X axis and a Y axis is 
parallel to said substrate, a Z axis is perpendicular to said plane, and wherein said plurality of 
micro-devices are operable to perform rotation of a microcomponent part presented thereto 
about said Z axis (9 rotation), rotation of said microcomponent part presented thereto about 
said X axis (cp rotation), and rotation of said microcomponent part presented thereto about 
said Y axis (\|/ rotation). 

1 7 . The system of claim 1 6 wherein said plurality of micro-devices are operable to 
perform bi-directional rotation of said microcomponent part presented thereto about said Z 
axis (±9 rotation), about said X axis (±q> rotation), and about said Y axis (±\)/ rotation). 

1 8. The system of claim 14 wherein at least one of said plurality of micro-devices 
is operable to rotate a microcomponent part presented thereto about an axis of rotation that is 
parallel to said substrate. 

1 9. The system of claim 1 8 wherein said at least one of said plurality of micro- 
devices is operable to perform bi-directional rotation of said microcomponent part presented 
thereto about said axis of rotation that is parallel to said substrate. 
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20. The system of claim 1 4 wherein at least one of said plurality of micro-devices 
is operable to rotate a microcomponent part presented thereto about an axis of rotation that is 
perpendicular to said substrate. 

2 1 . The system of claim 20 wherein said at least one of said plurality of micro- 
devices is operable to perform bi-directional rotation of said microcomponent part presented 
thereto about said axis of rotation that is perpendicular to said substrate. 

22. The system of claim 14 wherein said substrate further comprises at least one 
assembly site at which at least one microcomponent part presented to at least one of said 
plurality of micro-devices may be assembled with another part. 
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23. A method for handling at least one microcomponent part for assembly with 
another part, said method comprising: 

determining at least one of a plurality of distinct micro-devices included on a 
substrate to which said at least one microcomponent part should be presented for handling, 
wherein said plurality of distinct micro-devices are each operable to perform a rotational 
handling task on a microcomponent part presented thereto; 

presenting said at least one microcomponent part to the determined at least one of a 
plurality of distinct micro-devices; and 

activating the determined at least one of a plurality of distinct micro-devices to 
perform a rotational handling task on said at least one microcomponent part. 

24. The method of claim 23 wherein said rotational handling task orients said at 
least one microcomponent part for assembly with said another part. 

25. The method of claim 23 wherein at least one of said plurality of distinct micro- 
devices is operable to rotate a microcomponent part presented thereto about an axis of 
rotation that is parallel to said substrate. 

26. The method of claim 23 wherein at least one of said plurality of distinct micro- 
devices is operable to rotate a microcomponent part presented thereto about an axis of 
rotation that is perpendicular to said substrate. 

27. The method of claim 23 wherein said plurality of distinct micro-devices 
includes at least one micro-device that is operable to rotate a microcomponent part presented 
thereto about an axis of rotation that is parallel to said substrate, and wherein said plurality of 
distinct micro-devices further includes at least one micro-device that is operable to rotate a 
microcomponent part presented thereto about an axis of rotation that is perpendicular to said 
substrate. 

28. The method of claim 23 wherein said determining step comprises determining 
a plurality of said plurality of distinct micro-devices included on said substrate to which said 
at least one microcomponent part should be presented for handling. 
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29. The method of claim 23 further comprising: 

retrieving said at least one microcomponent part from the determined at least one of a 
plurality of distinct micro-devices; and 

assembling said at least one microcomponent part with said another part. 

30. The method of claim 23 further comprising: 

determining at least one rotational handling task needed for an assembly process for 
assembling said at least one microcomponent part with said another part. 

3 1 . The method of claim 30 further comprising: 

including on said substrate said plurality of distinct micro-devices, wherein at least 
one of said plurality of distinct micro-devices is operable to perform the determined at least 
one rotational handling task needed for said assembly process. 

32. The method of claim 23 wherein said substrate further comprises at least one 
distinct micro-device that is operable to perform a translational handling task on a 
microcomponent part presented thereto, said method further comprising: 

determining whether said at least one microcomponent part should be presented to 
said at least one distinct micro-device that is operable to perform a translational handling 
task. 
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33 . A method for forming a micro-system for handling at least one 
microcomponent part for assembly with another part, said method comprising: 

determining at least one rotational handling task needed for an assembly process for 
assembling said at least one microcomponent part with said another part; and 

including on a substrate a plurality of distinct micro-devices that are each operable to 
perform a rotational handling task on a microcomponent part presented thereto, wherein at 
least one of said plurality of distinct micro-devices is operable to perform the determined at 
least one rotational handling task needed for said assembly process. 

34. The method of claim 33 wherein said determining step comprises determining 
a plurality of rotational handling tasks needed for said assembly process. 

3 5 . The method of claim 33 wherein said plurality of rotational handling tasks 
comprise at least two different types of rotational handling tasks, wherein a first type of said 
at least two different types includes rotating said at least one microcomponent part about a 
first axis of rotation and wherein a second type of said at least two different types includes 
rotating said at least one microcomponent part about a second axis of rotation that is different 
than said first axis of rotation. 

36. The method of claim 35 wherein said including step comprises including on 
said substrate at least one micro-device that is operable to rotate a microcomponent part 
presented thereto about said first axis of rotation and including on said substrate at least one 
micro-device that is operable to rotate a microcomponent part presented thereto about said 
second axis of rotation. 
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